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after domestic and industrial uses. Thus, in analyzing municipal
wastewater for possible reuse, a comprehensive study should include
not only an assessment of possible health effects from reusing
domestic wastewater, but also a measurement of the amount and quality
of industrial waste in the system and (if the system receives storm
water) runoff constituents.

A number of potentially toxic elements may be present in municipal
wastewater and sewage; these include arsenic, cadmium, chromium,
copper, lead, mercury, selenium, and silver. Evaluation of the
potential health consequences from such elements is complicated by
the possibility that each might exist in a number of different
chemical states, differing in solubility, reactivity, and toxicity.
Thus, a metal cation may have more than one oxidation state, form a
number of complexes and chelates with organic ligands, or form organic
metallic compounds. Furthermore, interaction between two or more
metal cations may modify toxicity in one direction or another.

All the processes involved in wastewater treatment can affect the
bioavailability and toxicity of metals. Many metal cations such as
those of cadmium (Cd+2) , copper (Cu+2) , lead (Pb+2) , mercury
(Hg ) , and monomethyl mercury (CH3Hg+) form tight bonds with
organic ligands present in most particulate matter. Microorganisms
tend to assimilate metals from water, which can lead to their removal.
The production of hydrogen sulfide by certain microorganisms can
cause precipitations of cadmium sulfide, mercuric sulfide, and lead
sulfide; in addition, some microorganisms can change the oxidation
state of the metal. Thus, Kg"*"2 can be reduced to the metallic
HgO, which can volatilize from the system.

A few potentially toxic metals, e.g., arsenic, lead, mercury, and
tin, can form stable organometallic compounds, which can be produced
anthropogenically (mainly from industrial sources) or by microorgan-
isms. Microorganisms can both synthesize and break down organic
metallic compounds. The best are the organic mercury compounds,
which are uaed as fungicides, released into the environment, and are
broken down to inorganic Hg+. When this cation is present in
sediment in water, it becomes the substrate for certain methanogenic
bacteria and is converted to monomethyl (CE^Hg"1") or dimethyl
(CH3HgCH3) mercury. Methyl mercury has been shown to be toxic to
the human nervous system (National Academy of Sciences, 1977).

The outcome of bacterial synthesis and degradation of organic
metallic compounds will be affected by the type of metal, the type of
bacteria, and ambient conditions such as oxygen tension and pH.
Although methyl mercury is highly toxic to humans, it is unlikely to
attain hazardous concentrations in potable water because of its low
solubility in water and because it adsorbs on particulates. Dimethyl
mercury, preferentially produced under alkaline conditions, should
vaporize into the atmosphere.

A number of studies have shown that secondary or biologically
treated municipal wastewater can contain a wide range of trace
element concentrations, as shown in Table 3-2. For many of the
constituents, the range concentrations may differ by as much as a
factor of 100, presumably reflecting the variation both among and
within secondary effluents.  It is thus unlikely that one can define
a "typical" municipal secondary effluent with respect to its